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Methods of Calculating Nuclear Reactor”

by
GeIl.Marehuk

Annotation

In the monography are explained basic methods of physical calculation of nuclear
reactors. Developed were algorithms for practical utilization of mathemntical methode
for solvong various problems,originating during the planning of experimental and
atomic energy installations, Given are calculated values of critical masses of reac-—
sors, which can be used in practical operation,

The book is intended for students-physicists, scientific workers and engineers,
specializing in the field of atomic energy,

Foraword

This monography is devoted to methods of calculating nmuclear reactors of differ-
ent speatra , The first effort of giving a systemstic explanation of reactor calcu-
‘lation methods was mede by the author in his book entitled * Numerical Methods of
Calculating Nuclear Reactors ® published before the Second International Conferenge
on Feaceful Utilization of Atamic Energy (Geneva,1958). However since this book
appeared on the library shelves many changes have taken place in the methods of cal -
culating reactors. This circumstance prodded the author inte writing a monography,
in which is described the present day status of problems connected with physical cal-
culation af nucleer reactors. Of course not all m'thematical problems of physical
calculation are sufficiently well explained in tln‘s book, but in all instances the
author tried to explain 2ll the data with consideration of a ge-tein perspective for
further development of muthods, Main attention in the monography was devoted to prob.

lens of mathematical deseription of the processes ococurring in reactors; problems
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congerning the theory cof reactors have been touched upon only in minimum extent,

In the book have been reflected problems,dsevelcped by the author together with
a group of co-workers 3 SheS.Nikolayshvili, Ye,I,logudalina, V.,V.Smelov, G.A.Ilyasov,
F,F Mikhaylus, V,P,Kochergin, A.I.,Vaskin, V,P,Il'in, B.KeGavrilin, V,V.Varkhomeyeva,
ZeNeMilyutina and others.

Calculations of critical masses, meationed in the book, were carried out under
the supervision of author A.I,Nevinnitsa and O,P,Uznadze with active participation
of V,P.Kochergin,

Chapter 28 of the book, upon aypeal by the author, was written by V,F,Turchin,

Methods of caleculating reactors, asﬁzﬁl'am_'_'c'd/in the book,have been developed
end improved under the influence of functions, carried cut under the scientific guidance
of academician of the Academy of Sciences Ukr-SSR A,Il,Leypunskiy,

During all the siages of work the author maintained scientific communication with
phyeicisist=theoreticiens:s L,N,Usachev, V,V,0rlov, 7.N.Zubarev, S,B,Shikhov, V,F,
Turchin, V,Ya,Pupko, Ya,VeShevelev, B,F,Gromov, G.I,Toshinskiy, V.V,Chekunov and
others, and also with physicisists-experimentorss I.I,Bondarenko, V.A.Kuznatsov, V,I,
Moatov, B,G.Dubovskiy, A.I.Mogil’ner, M,B,Yegiezarov, V,S,Dikarev, E,A,Stumbur and
others, The scientific commvnication with physicists-theoreticians and experimentors
has in many instances overcome the trend of work connected with the developmsmt of
reactor salculation methods,

The author is deeply indebted to A.l.leypunskiy for numerous evaluations of var.
jous probdlems concerning the theory of nuclear reactors, which aided in successful
development of mathematicel methods.

The author is deeply indebted to V,S.Vledimirov for effective esvaluation of prob-
lens, concerning the transfer of neutrons, es well as to V,F,Turchin, who wrote
chapbter 28 of the book,

The author is grateful for the evaluation of various mathematical rroblems con-

cerning the theory of neutron transfer, to Ye,S.Kuznetsov, N.N.Yanenko,il,l,Bulyeev,
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Great assist in preparing the book for print was given by V,F.Il'in, A,I.Nevinnitsa,
and 0,P,Uznadze, to whom the ~  author expresses his profound thanks,
GeI.Marchuk
Introduction

Broad application in the celculetion of high =psed computers created favorable
conditions for the development of muny fields of science and technology. Newest achie-
vements of computer masthematies enavled tc reexamine algorithms for the solution of
many problems of mathematical physics and to develop new algorithms, based on the
use of numsrical methois, submitting to effective realization ocn computers,

In this way, analytical methods of solving problass have in meny instances given
place to more effective numerical methods,

The use in caleuletions of high speed computers enabled to bring forth new prob—

lems of science and techn.logy, & greater volume of calculation work of which has
previcusly appeared practically unrealizable, As result such conditicns havse been
created, at which it was found possible to solve more difficult methematical and loe
&ical problems, In this connection, basic imporience was acquireéd by problems, connec~
te. with mathemetical arrangement of the problems and with the development of effect;-
ive calculetion algorithms,

Successes in the field of computationsel mathematics have produced a greater effect
ob the developmont of the theory ani methods ¢f calculating nuclear reectors, After
the book by Glesston and M.Edlundt?ﬂ » which discuseed the clementary bases of the
theory cf thermal nsutron reactors, appeared monographies by A.D.Gelanin@ﬂ s QOVO~
ted to problems of further developing the theory of therml'neu.trol base=reactors,
“eneral scientific and thcooretical basis of atomic energy were explained in books by
A Veynberg and Ye,Vigner [133] s &3 vell as by B.Daﬂaonﬁ.oo:‘. Finally, in the mono—
graphy E72] are discussed numericel methods of calculating nuclear recactors,

Up to this day there is no loss in theoretic=l value of reports of earlier periods
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of development of atomic cnergy. These are reports by Ye,Vigner El;, u7]. G.Flachek
fea7, 228, 2317, Payerls[22h]. ReMarshek[167, 199], u.m.sogolyubov[ga_], I,I,0urevich
and I.Ya.PmranchukE’d. G.Vik\:lga,aﬂ. A.Veynberg@h.%]. G.Bcteﬁel and othkers,

Further development of thc theary of nuclear reactors and caleulaticn methods was
prompted in the lectures presented at the First and Second International Conferencea
on Peaceful Utilization of Atomke Energy in QGeneva.

Broader developuent of the thecry and methods of calculating nuclear reactars wes
ettained in the USSR in reports hy I.VeKurchatov[157]s AePedleksandrov(i]s AsIeAlikhanov
(57 Del.Blokhintsev(19,21], VeS.Pursova[296], I.I.Gurevich and I,Ya,Pomerenchuk [87],
A.K.KrasinY_MS.IMJ. SeM,Feynbere (262,286 ], A.D.celanin[59.66]. V. Liostoway [208] ,
v.v.onov[gle. 221], B.G.mbovskiy[97.179]. V.F.mrchin[276.2m. v.v.mlwﬁ77.252.253]
and others, Un the basis of these reports have been scientifically founded projects
of nuclear reactors for a greater number of power gensrating installations , such as
the Vorcnezh, Bycloyarsk atcmic electric power stations, the ice breaker LENIN and
others, as well as a gr.ater number of experime tal roactors with verious decelera—
tors and heat carriens(67, 259, 284-266] .

The theory and methocs of calculating reactors based on intermediate neutrons attain—
ed prominence in reports bty A.I,Leypunskiy, A.S.Romencvieh, L.N.Usachev{278, 2801,
V.Ya.l’hpko[l?l;.235.2363 s VehoKuznatsov, B.F,Gramov, GeI.Toshinskiy,ieZMogilfner ,
V.V.Chekunov, V¥.0rlov[173,219] end others. '

Methods of calculating fast neutron reactors have been developed by A.I.leypunskiy
@63.1619. DI.Blokhintsev([22], L.N.Usachev [278,280}, O.DeKazachkovskiy \‘}24.163.161;]
I.1.Bondarenko za.163.1619. SeBaShikhov 216, 310],YusAeStavisskiy [163,1641, as vell
as V.S.Vladimirov\}?. 58] Yu.A.Romnm[g”) and others, The mentioned reports enab—
led to scientifically found plans for atomiv power generatimg stations ER-l and BR-2
built and put into operation ir 1957 and 1959 respectively.

A review of reports of fcreign scientists on the theory and methods of calculating
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reactors made in reports presente. at the Firet and Second International Conferenges
on Feacaful Utilization of Atomic Energy in oeneu[ua. 136, 137, 139, 161, 195, 207,
217, 238, 264, 266 and oth.r-] .

. Substantial developrment iu recent years has been gained also by computational math—
ematics, the basic resultis of whieh were obtained by the group et the V.A,Steklov
Math,Iust, at the Academy of Sciences USSR under sciemtific guidance of academician
MeV.Keldysh, Tre meximum number of results from these investigations pertains to the
solution of finite=different eguations of elliptical type, as well as to the formula
tion of finite-differential eqiations , approximatimg differential equations with
disruptive coefficients,

To solve three=point finite=differential equations of elliptical type I,M.Gel!fand
and 0.V, Lokutsiyevekiy (166] and , iniependently, A.S.Kronrod(59] and StarkfLy] forme
lated & factorizing method, which enbaled to reduce a marginal problem to a subsee
gquent solution of three finjiteedifferential (difference) equations of the first crder.
Next 14, V.Keldysh, I,M,GCel'fand and O,V.Lokutsiyevskiy together with K.I,Babenko, V.V,
Rusanov and N.N,Chentsov m have substantially developed methods for solving finite=
difference equations, having developed aa epparatus of matrix factorization applicab-
le to systems of difference equations, In particular, this allowed to formulate a new
method of solving uultidimensional diffarential equations of elliptical type. The
method of matric factorization has produced & decisive influence on the development
of numerical methods for sclving equations a method of spherical harmonics applicab—
le to problems of atomic energy.

To the study of finite-difference equations, approximeting differential equations
of elliptical type, have been devoted the investigations by A.N.Tikhonov and A.4,
Samrskiy@?O-i’?ﬁ]. AN Tikhonov and A.A.Samarskiy made a thorough investigation of
problems concerning the formlation of three=point finite-difference schemes, given
are practical algorithms of most rational approximations of differential equations
with finite=~difference ones, and established were also the general aspects of solutions
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of difference equations, They introduced the concept ¢f integral aceuracy of a solu-—
tion of & finite=difference equation relative to the sclution of a differential equa-~
tion and have proven theorems on the convergence of solutions of finite-difference
eguations, They have proven , in particular, that the formlated by them difference
equationsa in the class of disruptive coefficients have the second integral order of
accuracy,

Achievemeuts of computational mathematios have been widely discussed in seientific
literature , as well as at conferences and conventions,

All the above mentioned reports on calculationsmethods prepared a base for fure
ther development of methods for calculating nuclear reactors, These methods cconstitute
the basic content of this monography. 's

The book consists of eight parts, The first part ? devoted to problems of neutron
diffusion, Investigntion of the problems is conducted under the assumption, that all
neutrons have identical velocity and differ only in direction of the velocity vectore

In chapter 1 is given a brief summary of single speed neutron trancfer equations,
Derived was an integro-differentisl equation in verious geometries, discu:csed is= the
integral equation by Fayerls, corresponding to the equation of particle transfer,
Special attention was devoted tc transport approximation. In conclusion were formila
ted problems on critical dimensions of a nuclear reactor.

In chapter 2 are analyzed results of solving transfer equations in case of a point
source of neutrons in an infinite medium. The discussion is carried on at first for
the case of isotropic diffusion of neutrons,

Next is investigated the problem of asymptotic density of nsutrons at greater dig-
tances from the source. Using a single speed problem as an example was investigated
the method of momeats, as well as the method of approximetion,developed by SheSe
Nikolayshvili[?Lj]. In meny instances these methods allow to obtain solutions for
problems regarding the transfer of neutrons and gammeequanta,

In chapter 3 are explained numerical metbods of solving kinetic equations.
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M:ch attention has been devoted to the best known in yhysaical calculations of nuc-~
lear reactors numberical methods by V.S.Vladimirov(?? and B.Karlson[éZi} + Thoroughly
investigated is ths problem of improving the convergence of iteration rrocesses,which

appear to be the compecnent element of algorithms fdr-——-solving kinetic equations

by the Vladimir and Karlson methods Together with the well known method of L,A.Lyus-—
te;;ik. is explained & new method of improving the convergence of the subsequent
epproximation method, formulated hy V.PJ%orozov[?OQl. In conclusion of the chapter

is described the veriation method for solving neutron transfer equations introduced by
V.S.Vladinirov{557].

In chapter ) are discussed methods of solving integral squationc by Payerls,At

first is discussed the KryloveBogolyubov method, which acquired broead application in

solving integral equations. This method is illustrated oz u problom concemming the distri-

bution of neutrons within a flat layer, Then special attenmtion is devoted to the met—
hod of degenerated nuclei, Thas mathod is illustrated by an oxample of calculating
the critical dimension of a homogensous sphere in case of isotropic, as well as in &
siﬁp}plcase -.o h'nonisotropic indicatrix:of neutrol diffusion,

In chapter 5 is glven a general descripticn of the spﬁerical harmonies msthod,
developed by GoVik[48], R.Marshek (167, 189,190], S.erk{i7i], B.Davicon (100, 102, 103],
L.N.Usac_hev YZ_??I s MeVan and Ye,Gut @0], SeChandrasekar @Qﬂan& ovhers, given are also
the DLasic features of the method , supplemented by concrete applications to the case
of rlanee=parallel and spherically-symmetrical systems, Discussed are monodimensional
cylindrical systems, Special attention is devoted to Py=approximation und to diffu —
ston epproximation as well,

G.Ya,Rumyantsev has firat called attention tc the pocsidbility of practically
ufilizing in calculations of even arproximitions the method of spherical harmonics,
wheroby he placed special emphosis on the employment of the Fr-upproximation in
calculations, It should be pointed out, that GeYa.Rumyantsev also develojed the met—

hod of spherical mrmonics for arbitrary geometry in problems of setting up
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comerete boundary conditions (241, 242) .

A study of the rroblem conserning the solvirng of transfer equations in case of
a point scurce in an infinite medium with the aid of the spherical harmonics method
was carried out by Sh.S.Nikolaysbvili{i?S.l?éi.

At the conclusion of the chapter is formmlated the veriational principle introdu—
ced by V;S.Vladindrov‘ﬁo. 51, 55 ¢ On the basis of the variation principle is made
a conclusion of equations of svhe*iﬁal harmonics for various geometries in case of
isotropic diffusion indicatrices and simultanecusly are obtained boundary equations,
coinciding with R.Marshak conditions,

It should ue pointed out, that the methodssdiscussed in the first part of the
book, are of general nature, and caun be applied without any difficulty for solving
morse difficult problems, Farticularly, they can serve as basis for solving problems
congerning critical dimensions of a reactcer,

Part two of the book is devoted to problems of formulating finitee=difference equations
of elliptical type, having greater importance in calculating nuclear reactors.

In chapter 6 are discu. sed finitoedifference equations of diffusion for mono-dimen—
sional zones, T.e explanation is done on the basis of above mentioned results obtain—
ed by A.N,T4khonov and A.A.Samarsiciy{270-2737s

Discussed are simple finite-difference equations of diffusion in the clzss of
discontinuous coefficients, Pointed out are ways of improving finitee~lifference equa—
tions, Formmlated were difference equations for systems of two diffusion equations
of first order, Introduced into the investigation were finitee~differehce balance equa—
tions, enabling to control the correctness of solving problems in finite-difference
formulation., Finally, notes are giver on the accuracy of the numerical calculations
by finiteedifference cystems, and a relationship is established between finite~'ifference
equations of continuous calculation and difference equations,fomulated with'the aid
of a method of introducing fictitious points,

In chapter 7 are snalyzed the resulta of formulating finite~difference equations
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for tvowdimensional zones, Into javestigation is introduced a method of formulating
differance equations for multidimensionsl zones in the class of discontinuous coef-
ficients, Described is a motrix form of recording finiteediffercence equations for
twoe-dimensional z.nes, and corresponding balance ratios have been formulatec,

In chapter 8 is deccribed ths formulation of finite-difference equations by the
method of spherical harmonicse. This formuletion is sdvasable when employing metrix
recording of the initial system of ordinary differentisl equations, constituting toe
gethor with the boundary conditions a boundary rroblem, Finite~differcnce cquations
formulated for plabe-parallel zonas with sphericulesymmetrical and cylindrical —
geometries, It should be unterlined, that the use of new methods of solving finitee
differense equations enabled to considerably raise the effectiveness of arplying the
spherical harmonics method for solving a wide ¢lass of reactor problems,

In chapter 9 are discussed methcds of sélving finite-difference equations, The most
effoctive mothod of solving difference equations of elliptical type is the factori—
zation methods The method of lincar finite-difference factorization allowc to effectively
solve meny problems connected with physical calculetion of reactors, Next are deseri-
bed methods for solving finite~difference diffusion equations for two-dimensional
geometry, A corresponding problem could be formuleted in vector=matrix form, formally
coinciding with a three point linear matrix system, A solution to this problem is
found with the aid of the matrix factorization method,

It should, however, be pointed ocut, that when solving a finite~difference ellip —
tical equation by the matrix factorization method at a greater number of unit points
it is necessary to deel with matrices of high order, This considerably reduces the
possivility of effectively applying metrix factorization for solving thes mentioned
problems,

No,I.,Buleyew made a successful sttempt to develop and iteration method, which appears

to be a combination of the relaxation process with the method of linear factorization

(3. 34
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Thie method in its sim:licity is in no way inferdor to tie simplest Ltevation processes
of liebman and Seidel, but sonverges many times fastaer,

Among other methous, used successfully for sclviug two=limensional finite-difference
equations, should be mpntioned thc method of l-ngitudinalelateral linear factorization,
discussed by J’.Douglas}}ﬂ. 99]. I*.I\I.Yanenko"glé, BIﬂand V.K.Saulyev[@l:.é.Zlﬂ].

We must mention, that the effective = luticn of finite~differsnce ogquat ions of
sphericel harmonics is realized with ths matrix factorization method,

devoted
The third part of the book is) to problems of slowing down (decelerating)

neutrons,

Thajyter 10 has an introductory nature, In are described the ~—————selementary
proce.:ses, taking place in the nuclear reactor, the structur: of the sections vhere
neutrons react with auclei ae estimated snd forumlatec ara physical bases for the
calculation of a nuclear reactor,

In chapter 1l is given the product of kinetic eguation of a reaction.Fommulsted
1s an equetion for slow down and boundary conditions are fixed, Discussed is s partial
case of kinetic equation of a reactor, and namely, problem with constant sections
and problem with energy dependence,

In chapter 12 are fowlated conjugated equaticns of a reactor. Given is a gensral
theory of conjumated equations, develored by the author together with V,V.Crlov E731
which gensralizes somewhat the knowr resulis by Ye,Vigner &3. blﬂ. L,W,Usachev ‘
[27e, 2803, N.A.mitriyev(g'zs:l, HeTuks [295], B.B.Kadomtsev[120] and B.Davison 00} .
In'roduced into investigations are iaportant lineer functicnals and forumlated are cunju-
gated equations with respect *to the ~iven functicnals, Examinetion of the theory of
conjugated equations is completed by a comclusion of formulas of the theory of per—
turbantion,

Chapter 13 is devoted to diffusicn ;proumat{on. Follouwins i the rcteps of
Relarshak 190] the approximted sclution of a lkinstic equation is sought with the aid

of two meavers of the series in accordance with specific functionse A3 recult we arfive

FTD-TT=62=1314/1 10



at two integro-dif ferential equations, forming a closed system of reactor esuctions,
For wmoderatars with M}\ 1 the sclutica of moderaticn equations is tought in fora
¢f a seriea Ly letherzye This 2llows tec free our hends in equations from tie integral
operator ani es comssquaence the problem is reduced tov solving a syctem of differ:ne
tial cquetions for funciions, depending upron spetial coorlinates and lethargy. At tho
end of *hs cherter are discussed probdlems of definiug more closaly the diffusion=aze
theory,investigated by Ye.Greyling and DeCertsel{79]e
In chuptas Ll are explained methois of colving reactor equations in Fye-approcina—~
tion allowing to delfine more¢ closely ‘the solutions obtained in diffusion approximation,
Forauleted are basic end conjugated equations in E,=-s;rroximaticns and corresponding
boundary conditioas. Specizl ettention is devoted to P3-approximation.;,rcsent:lng
greater interest in groblems conceraing critical mass of reactore
In fourth part of the book are discusser mathods of group riprecentation of re=
actcr s@uations,
Chaptor 15 is devoted to the conclusion of mmltigroup system of basic and coajuga—
ted kinetie rscctor equaticns, The method of groay averaging is applied in such a
way, that during transition from basic problsm to muliigroup the most ecsential funo—
tioual remained unchanged, If ir the role of problem functional is considered the
critical dimencion of thc reactor , then during the foruulation of a mltlgroup systoem
is necessary tazt the critical zess of the reactor should remain unchanged.If in the role
of functionzl is selecied , for exaample, 2 dosage of raliation coming cut from the
reactor, as is the cese when caleculating the protoctica egainst radiatiom, then during
the transition to multigroup sioblem it is nececsary, thut the dosage of ocutcoming
radiation should remain unchangede Naiurally, that during the averaging, intended for
the preservation of tLese or any other functicnala, there is a change in form of con-
jugated functions, which are also taken with respect to the fixed functional, If the
nucber of groups increases then the method of averaging appears to be indifferent and,

ia this way, therc is thz possibility of campiling universal multigroup constants,
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vwhich do not depend upon the neutron spectrum in the reactor, This, in any event, is
valid for problems , connected with the calculation of critical mass or reactor reactance,
AS to problems pertaining to the passing of neutrons through the protection , then

for them, apparently, it is practically impossible to compile a universal multigroup
system of constants, valid for calculations of small scale and asymptotic larger pro-—
tections as well,

In chapter 16 are explaineci the general algorithms for the obtaimment of multigroup
reactor equations in Py-approximation, Explained are methods of averaging physical
constants in the ultraewarm zone , given are transforms of formlas for averaged
physical constants and simple averaging methods are given,

It should be pointed out, that the problem of most rational averaging of physical
constants has gained sufficiently great attenthon in literature. These problems,in
particular, have found reflection (mention) in reports of R,Erlikh and G,Gurvits
Bib)s S.Glesston end M.Edluna[79]s L.NeUsachev[279, 260], GoI.Merchuk (172, 178, 180]
and others. In meny of the mentioned reports physical constants are averaged for
reactors with moderators consisting of a mixture of elements, having no hydrogen,

The method of averaging constants by groups for mixtures,containing hydrogen
nuclei, was introduced by GeI.Marchuk and N,Ya,Lyashchenko[286], Further on this method
has been substantially developed by N,Ya,lyashchenko and applied to a broed class of
problems,

In the monography by the author(272] was formlated an approximation calculation
me¥™d for ureniumewater reactors, which can also be applied for physical calculations,
In this monography, when discussing problems of multigroup representation of reactor
equations the author selected a new way, based on the use of the apparatus of the
theory of perturbasions, allowing to average the constants with consideration of
statistical weights, which appear to be solutions of a multigroup system of conjuga—

ted reactor equations with respect to the fixed functional,
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In gonclusion of chapter 16 are basic and conjugated reactor equations, which are
changed into form, cénvenient for carrying on practical calculations,Great attention
iz also devoted to the consideration of rescnance effects during mltigroup calcule-
tion,

In chapter 17 are fotmulated multigroup systems of reactor equations in diffusions
age approximation, Formilas are derived for a mltigroup system of constants and ways
are discussed for practical realization of the algorithm, Much attention was devoted
to the approximated method of calculating spatialeenergy distribution of neutrons
in the reactor. The oitained neutron spectrum in the reactor can be utilized for mul~
tigroup averaging of constants and for more accurate solution of the problem, In con-
clusion is given a method of calculating the effeotive addition to the active zone
on account of the reflector,

Chapter 18 is devoted to the utilization of the multigroup method to problems in
Py=approximation, Given are effective methods for caleculating a multigroup of con-~
stants, based on the utilization of the neutron spectrum, obtained in diffusional
or Pl-approximtions. A special place in the chapter is devoted to By~approximation,
which in its realization is no more complex, than Py-approximation,

In the fifth part of the book is developed an effective singleegroup theory and
methods of smll group approximation,

In chapter 19 are discussed monogroup kinetic equations,obtained on the basis
of rational methods of averaging a mltigroup system of kinetic equations, For mono-
group averaging .used methods of the theory of perturbations so that single group
kinetic equations 1lead to the very same functional values, as does ; multigroup sys -
tem, Discussed are two averaging methods ,besed on the use of subsequent approxima_.
tion methods, On the basis of single group theories is considered the problem of
calculating reactér dimensions without reflectors,

In chapter 20 are investigated problems of monogroup theory applicable to dif-

fusi obal and Pl-appror:imtiom. Obtained was a system of basic and conjugated reactor
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equations and compiled were formulas for the obtaimment of a monogroup system of con -
stants, The corresponding formulas are of simple form and are suitable for practical
utilization, In peragraph 20,3 are explained effective methods for calculating eriti-
cal masgses, This part of the chapter appears to be the central ome , beccause in it 4s
formulated the method of defining calculations of critical masses of a reactor ,ob=
tained in multigroup Py-approximation. The task of closely defining consists in the
fact, that the multigroup calculation in Py-approximation allows to find single=group
constants, which are later used in solving a single group problem in Fp-approximation,
Furthermore, the use in calculations of the single-group theary considerable cuts the
time of calculating the critical mass of the reactor. The fact is,to calculate the
eritical mass of a reactor , it is necessary to employ the method of probes, with
the aid of which it is possible to find the dimension of the reactor,corresponding to
the value Keﬁ, = 1, To do this it is necessary to make a series of multigroup calcu—
lations, If the single group theory is used,then it is sufficient to solve —the
mxlt:lgrozyf?{g;m reactor equations for one value Kypp and averege
the physical constants, so as to obtain coefficients for single group reactor equa—
tions, Further calculation is conducted with the aid of the single gromp theory. As
results is found the critical mass of the reactor, Critical mmss calculations by the
single group theory may have a certain error, because single group constants were
obtained by the use of the neutron spectrum in a noncritical reactor Keff+ 1. To
define the calculations it is necessary at velues, obtained with the aid of single
group theory, of critical dimensions and concentration of the spallating isotope, to
make a mltigroup calculation, and then again average the constants, end with the
aid of the single group theory, to define the velue of critical parameters of the
reactor, Methods based on use of single=group thearies for calculatimg criticel
masses of reactors, bave been developed by the author together with Ye,I,Pogudalina,
In conclusion of the chapter is described a simple, but sufficiently effective

approximation method of caloulating oritical messes of a reactor in single growp
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epproximation , developed by S.B,Shikhov and A.I.Novozhilow(21€].
In chapter 21 are developed methods of small-group approximetion, It is .:nown,that

when calculating nuclear reactors two-or threggroup methods are used quite often,
In paragraph 21,2 and 2144 is given the theoretical basis for employing two=group
and three-group methods of calculeting reactars, Of special i:portance here is the
three=group method, which allows to coibine all neutrons of the fission spectrum
in one group, neutrons of resonance energies - in another group and thermal energy
neutrons = in a third one, This offers the possibility of obtaining not only proper
values of critical mass, but also the function of the number of secondary neutrons
r). If the three-group system of constants is formulated in diffusiocnal or P]."
approximation, then it can be used further on to define calculations, carried out,
for example, within the frame works of P -approximations,

In paragraph 21,4 is described an approximete method of twoegroup calculation of
reactors, developed by S,BeShikhov and V,BsTroyanskiy. This method is highly effect
ive in applicatiom to the calculation of reactors of different spectra,

In chapter 22 are discussed problems of the theory of perturbations in case of
a single group approximation, as well as in the case of smellegroup approximations,
Obtainsd were formulae of the theary of perturbations for ractically important instan-.
ces,

In chapter 23 are discussed methods of calculating critical dimensions of reactors
in mono-group approximation, Discussed are problems of calculating critical masses
of reactors without reflectors, Derived is an approximate formula for calculating
critical reactor mess in case of anisotropy in the diffusion of nemtrons, Formulated is
& varistion method for calculating critical masses, given are basic formulae,necessary
for calculating critical ————parameters of reactors with homogeneous infinite ref-
lector,

Part six of the book is devoted to the study of heterogeneous ——effects in nuclear

reactorse
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In chapter 24 is explained the theory of resonant entrapment, At first is dis-
cussed moderation and entrapment of neutrons in a homogenecus medium, Forimlated is
a conjugate problem relative to the entrapment of neutrons and under cocnsideration
are methods of solving the integral equation of moderating, developed by the author
together with F,F.Mikhaylus [}8]]. Next is discussed the problem of resonant absorp—
tion of neutrons in the bjock, The explanation is made on the basis of the theary of
resonant entrapmeat (rescnance sapture), developed by V,V.0rlov (gléj,and. independent
1y, by A.P.Rudik(59]. This theory is valid for the calculation of the effective re-
scnance integral of blocks of any thicknesses and coincides with the theory of N,I,
Gurevich and I.Ya.PaneranchnkYB?:( for thin blocks and with the Ye.Vigner(’N] theory
for blocks of greater thicknesses, The dependence of resonance capture upon the tem—
perature of ths block has been theoretically investigated by S.Brimberg and Dalstrom
Y27] . Listed are temperature coefficients for the change in volumetric and surface
parts of resonance absorption.,Discussed is the problem of mutual screening of lamele
lar blockas. A corresponding formula to calculate the effective resonance integral
was obtained by the author together with V,V,0rlov @.721 o At the conclusion of the chapter
is considered an important problem of numerically calculating the effective resonance
integral in the absorbing block and in the lattice of blocks, This question was
brought up by BeSpinrad, Zh.Chernik and N.Korngold{264 ], The authors cbtained an in
tegral equation of moderation, which is used for finding a central strcam of neutrons
along the block, necessary to calculate the effective resonance integral., But the
theory of B,Spinrod, Zh,Chernik and N.Korngold is applicable only to blocks of great
eor thicknesses, V.V.Orlov and A.A.Lukyanov EZO‘\ developed a theory of resonance cap=
ture, based on the use of the integral equation of neutron moderation for blocks of any
given thicknesses, Corresponding results az;g"diéscusud in par.2,.8,

In par.2},9 are discussed results) : by the suthor and concerning resonance
absorption of lamellar systems,

In chapter 25 are weighed problems of effective boundary conditions. Discussed 1is
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the problem of effective conditions on the surface of ®black®" blocks., A review of the
method of effective boundary conditions was made by G,A.Bat end D,F,Zaretskiy [137 «
Whe vxamining the problem of effective conditions on the boundaries with black bodies
is used the balance method developed by A,L.Brudno,

When discussing the boundary conditions for gray bodies was used the method, intro-—
duced by D,F,Zaretskiy and D.D.,Odintsov E.13]and further developed by the author tom=
gother with T.K ,Sedel'nikov 172}

When calculating effective conditions on boundaries with ®"gray * bodies it is very
important to know the probability of nsutron capture in the blocke To this problem
were devoted the investigations by G.Stuart[265. 267J. the results of which are given
in the monography, In the chapter under discussion are given applications of effective
boundary conditions to the calculation of nuclear reactoras, In this respect very essential
results have been obtained by A.Amyal, P.Bemia and D,Gorovits(8]. In conclusion is
discussed the problem of muitual screening of absorbing blocks in the field of ultra-
thermal neutron energies, This pwoblew is of special iuportonce for the obtainment
of a proper coefficient of multiplication on fast neutrons of a heterogeneous reactor,

In chapter 26 are formlated effective conditions of homogenizing a heterogeneous
reactor, Discussed are two methods of approaching the sclution of thisproblem, The
first one of the methods is based on studying the problem on the passing of neutrons
in direction, parallel and perpendicular to the generatrix of the block. In diffusion
approximation for a plane-parallel medium this problem was investigated by Ya,Ve
Shevelev [306]. In a more accurate set up it was solved by N.I,Laletin [1_593. who also
mede an effort to develop effective methods of homogenization for cylindrical cells,
The second method, developed by V,V,Smelov [252]. is based on the preservation of
the reactor's mltiplication coefficient during the transition from the heterogenecus
system to an equivalently homogenecus., An analogous approach to the solution of the

problem of homogenization was developed by A.D.Galanin ré6].
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In the sesventh part of the book are discussed problems of thermalizing mut.rons.
The first results in thermalization within the frameworks of a model of a monoatamie
gas moderator for an infinitely homogeneous medium were obtained by B,l,Davydov in 1937
[93]. These problems were then thoroughly investigated by G,Gurvits [89]. Wilkinson
[137} Ye.Kogen 137, 138] and others.

In chapter 27 is described a model of a monocatomic gas moderator, Kinetic equa—
tions of moderation are discu:sed., The function of neutron diffusion,constructed by
VeV.Smelov and L,V.Mayorov, selected with consideration of the mechanism of elastic
diffusion of neutrons on moving muclei, distrituted by velocities in accordance with

the Maxwell law, Executed was the transition from kinetlc reactor equation to diffusional
equations, Formulated was a problem concerning the spectrum of slow neutrons in infini-
tely homogenecus medium, In conclusion is presented a problem conceraing the spectrum

of neutrons in a cell of a heterogensous reactor and listed are results of calculations,
carried out by A,D,Galanin [§5].

Chapter 28 was written by V,F,Turchin and represents a review of theore!ical re=
sults on the scattering of slow neutrons in solid bodies and liquids, Most outstand-
ing results in this direction were obtained by V.F.Turchin[276,277), MeV.Kazarnovskiy
and F,L.Shapiro [121,123], MNelkin [210-212] Ye.xogen[lae, 139] and others,Discussed
war the diffusion of neutrons by the isclated nucleus and combination of atoms, Great
er attention has been devoted to the case of incoherent scattering of neutromns, The
central points of this cha,.ter are paragraphs 28,5 and 28,6, in which is discussed
the theary of diffusion of slow neutrons in crystals and in liquid. The results,for
mulated in these paragraphs, are of greater practical interest and are used in calcu—
lations.

In chapter 29 are discussed methods of multigroup selving equations for the spectrum
of slow neutrons. An essential feature here is, that the mathematical apparatus,de —

veloped for this purpose by the author together with V.V.Snelw[l??, 178, 2513. is
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not connected with the concrete selection of neutron diffusion functions and appears
to be universal, On the basis of the thedry of perturbations is formulated a singlee
group theory, Developed was a method for caleuwlating the spectrum of slow neutrons in
P3-approximetion of the method of spherical harmonics,

Finally, the eighth part of the book is devoted to critical masses of hamogeneomws
reactors, This part comsists of two chapters,

In chapter 30 are considered methods of physically calculating nuclear reactors;
formulated are typical problems for the calculation of critical masses and spectra
of neutrons; given are practical algorithms for the averaging of group constants;
numerous problems were set up which take into consideration the use of small group
approximations, In conclusion are discussed problems of calculating heterogeneocus
reactors and compensation systems., Practically speaking, this chap ter has a majority
of problems concerning physical calculation and considered are practical algorithms
for their solution on the basis of results from previous chapters of the book,

In chapter 31 are presented results of calculating critical masses of reactors in
a wide range of neutron spectra: from fast to thermal, The first effort to make a
systematic generalization of results obtained from calculation of critical masses of
homogeneous reactors was made by V.Ya.Pupb[?35. 236J and by T.N,Zubarev, G,I.Marchuk
and A.K.Sokolov[115].

In report {]_.1._5] are listed critical masses of uraniumeberyllium, uraniumegraphite,
and uranjumewater reactors, as well as of reactors, consisting of mixtures of 0235
and Pt23 9. calculation of which was carried out by the author together with V,P,
Kochergin, Ye,I,Fogudalina, V,V.Kolesov, GeAeIlyasov and L.I.Kuznetsova E.83-186/'l .

In recent years these investigations have been repeated by the authar together with
VeFeKochergin, Ae.I.Nevinitsa and 0.P,Uznadze on the basis of using a more accurate
2legroup system of constants, In addition, a greater number of new variants are con -
sidered, essential for the planning of reactors of variegated spectra,

In the appendix to the book are includec certain dataj,useful for practical uti~
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lizsation of methods, analyzed in the monography,
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